Viscoelastic materials are widely used in many applications in practice. However, determination of the elastic and damping properties of these materials is quite dicult in the sense that the identied results may contain high degree of uncertainty. The characterization of viscoelastic materials using the Oberst beam method, based on non-contact excitation and response measurements, is revisited in this paper. The eects of signal processing parameters such as frequency resolution in Frequency Response Function (FRF) measurements, as well as the eects of various single-degree-of-freedom modal analysis methods, including circle-t, half-power and line-t are investigated rst. Then, the modal loss factors, Young's modulus and shear modulus of some sample viscoelastic materials are identied using both the free-layered and sandwiched samples. The results obtained from dierent tests are compared, discussed and some recommendations are made so as to identify the damping and elastic properties of typical viscoelastic materials with better accuracy. Analyses of a large number of FRF measurements show that the selection of the appropriate signal processing parameters and the use of appropriate modal analysis method can be very signicant during the identication of viscoelastic materials. By following the approach presented in this paper, the damping and elastic properties of viscoelastic materials can be identied with better accuracy using either free-layered or sandwiched samples. The material properties obtained by this approach can be used for developing valid structural models and/or for damping optimization purposes.
Introduction
Viscoelastic materials are widely used in many applications in practice [1, 2] . However, determination of the elastic and damping properties of these materials is quite dicult in the sense that the identied material properties may contain high degree of uncertainty. The Oberst Beam Method (OBM) based on non-contact excitation and response measurements is widely used for the characterization of viscoelastic materials [1] . However, the eects of signal processing parameters such as frequency resolution in Frequency Response Function (FRF) measurements, as well as the eects of selected modal analysis method and the diculties in dealing with various types of test samples, should be investigated in order to obtain accurate material properties.
In the OBM, the FRF measurements are conducted using both bare and composite beams. The natural frequencies of the bare beam in the frequency range of interest are rst identied by analyzing the FRF measured for the bare sample. Then, the measured FRF of the composite beam is analyzed in order to determine the natural frequencies and modal loss factors of the composite beam. Young's/shear moduli and damping levels (loss factors) of the damping materials, corresponding to the individual vibration modes, are then extracted.
It should be noted that although the OBM is well * corresponding author; e-mail: ozermehmet1@itu.edu.tr known for a long period of time, performing a successful characterization of material properties using the OBM is not an easy task. The eects of various parameters including the adverse eects of non-contact excitation system and the length of the test specimen were examined in the past [3, 4] . In this study, the eects of signal processing parameters such as frequency resolution in FRF measurements and the selected modal analysis methods, including circle-t, half-power and line-t for modal identication are investigated. Then, the Young's/shear moduli and modal loss factors of some sample viscoelastic materials are identied using various types of test samples.
Eects of signal processing parameters
The frequency range during the tests was set to f = 22000 Hz and the beams are excited using a ran- The results show that the modal loss factors of the bare (Fig. 1a) , one-sided damped (Fig. 1b) , double-sided damped (Fig. 1c) and sandwich ( Fig. 1d) ∆f /f r > 0.01 for both the steel (Fig. 3a) and damped (Fig. 3b) beams. 
where E is Young's modulus of bare beam, f m and f n are resonant frequencies of the composite and bare beams, respectively, D is the density ratio, T is the thickness ratio and η m is the loss factor of the composite beam. Results
show that the one-sided damped beam did not provide meaningful material properties as the precautions in the standard [1] could not be satised. The material properties of DM-1, identied using the double-sided damped beam are listed in Table. It is worth stating that material properties of DM-1 are also aimed to be identied using the measurement of sandwiched specimen. However, it
was not possible to obtain reliable and meaningful results using the sandwiched specimen (shear moduli values were much lower than expected), hence they are not presented here. The reason for this problem might be related to the way the damping material was glued to the base beam, a problem which needs further investigation. The material properties of another material named as Damping Material-2 (DM-2) with thickness h = 2 mm and density ρ dm = 1460 kg/m 3 are also aimed to be identied using a one-sided damped beam and a sandwiched specimen.
The properties obtained using the free-layered specimen are also listed in It is strongly recommended that some trial tests should be conducted rst, so as to identify the appropriate frequency resolution in FRF measurements for damping estimation purposes. If necessary, two or more frequency resolutions can be used; the ner one for the lower modes and the coarser one for the higher modes.
The results also indicate that the performance of the line-t method is better than those of other methods 
